Abstract. We introduce a new class of statistical growth fractals which is of interest because the chemical dimension d, is continuously tunable. We also study other exponents characterising these fractals.
There has been considerable recent interest in uncovering the fashion in which the familiar laws of physics are modified for fractal objects, in part because of the large number of important realisations of fractals in nature [l-81 . It has only recently become appreciated that the physics of fractals is determined by more than just 'the' fractal dimension df which describes how the cluster mass N scales with the cluster radius R, N -Rdf.
( l a )
Several additional fractal dimensions have recently been found to be of use. One of these is the chemical dimension d, that describes how the cluster mass scales within a chemical distance 1 (the chemical distance is the length of the shortest path on the fractal connecting two sites) [9-141, 
It is of course very important to seek relations among the various new fractal dimensions-indeed, it was the search for relations among critical exponents that led to the discovery of scaling laws 20 years ago and eventually to the development of the renormalisation group.
Here we study the relation between the two exponents d, and d, by introducing a new family of cluster growth models in which d, can be varied in a controlled fashion over a wide range of values.
The clusters are grown by the following procedure. First we place a seed particle at the origin of a d-dimensional lattice of coordination number z. At step 1 = 1, we randomly choose a certain number B ( l ) of the z neighbours and occupy these sites. These sites constitute the first shell, and clearly have chemical distance 1 = 1 from the origin. The remaining z-B(l) sites will be regarded as 'blocked' for the duration of the growth process. At step 1 = 2, we consider z2 available (unblocked and unoccupied) neighbours of the first shell. We randomly occupy B (2) remainder. This process is continued until a cluster with a total of I , , , chemical shells has been created, with 
(2c)
A schematic illustration of our cluster model is shown in figure 1 , and a typical cluster is shown in figure 2 .
We begin by considering how the Pythagorean distance R scales with the chemical distance 5 See also the recent discussion of the 'slow crossover' problem [18a] .
percolation, ( 1 -p c ) / p , = 4071593. Of course, the two models cannot be completely identical since chemical shell 1 has exactly ldl-' cluster sites in the present model, while in percolation chemical shell 1 has only ldl-' sites on average. This difference is dramatic if one considers the application of dl to the quantitative analysis of a forest fire [23] set at time t = 0 on a percolation cluster. If each tree ignites only its neighbours on successive time steps, and if each tree bums for one unit of time, then in the present model there are precisely ldl-' burning trees at time t, while in percolation there are an average of ld(-' burning trees. The dispersion about this average is a topic of present investigation.
Next we consider the subtle question of loops. We know that for the special case
For small a ( a < 0.2), loops do not visually appear on all length scales, while for large a they do. Hence it is tempting to suggest that this model has the intriguing feature of a 'loop threshold' a = a,, below which loops are irrelevant. The critical properties of the loops near the threshold a = a, is a topic for further study. In order to study dynamic exponents, we performed exact enumeration [ 14,201 of diffusion on these clusters for d = 2. We calculated the diffusion exponent d , (5b) which hold when loops are not relevant, suggesting that loops may not occur on all length scales for small dlt.
It should be noted that the upper critical dimension d, for the present growth model is bounded from above by 4d1. Thus, in general, one might expect that d, will depend on dl. Recently, the growth of clusters in dimensions above d, was studied by generating these clusters on a Cayley tree [ 2 1 ] . Finally, we note that our model with continuously tunable df serves to complement recent growth models for which df and dg are continuously tunable [ 221.
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